ABSTRACT: Low birth weight pigs are on a different growth trajectory from their normal birth weight littermates and as a consequence they may need to be fed differently, if they are to show compensatory gain. The objective of the experiment was to determine if low birth weight pigs will respond to a higher AA: energy diet, in a manner similar to the response of normal birth weight pigs whose BW gain has been previously reduced as a result of feed restriction. The experiment was a 3 × 2 factorial with 180 pigs and 6 replicates. There was a significant effect of BW category and diet specification during period 3 on the ADG and G:F of pigs (P < 0.05), with NR pigs exhibiting higher ADG and G:F than L and NU pigs. For G:F only, there was a tendency towards significance for an interaction (P = 0.057) with NU and NR pigs having an improved G:F on the high specification diet, but L pigs did not. Average daily feed intake was similar for all BW categories and diets from d 63 to 91. However, both L and NR pigs consumed more feed than NU pigs relative to their BW, but only NR exhibited higher ADG than NU pigs. This suggests that a higher specification diet post weaning may not improve the performance of low birth weight pigs. However, previously restricted normal birth weight pigs were able to exhibit compensatory growth and were more efficient when fed a higher specification diet.
INTRODUCTION
Variability in BW of pigs is an important factor for both producer and processor in detracting from maximum return (Patience and Beaulieu, 2006) . Low birth weight pigs contribute to this variation by exhibiting poor postnatal growth rates (Poore and Fowden, 2004; Gondret et al., 2005; Rehfeldt et al., 2008) , likely as a result of restriction in utero (Wu et al., 2006; Wang et al., 2008; Douglas et al., 2013) , although some pigs are able to naturally compensate for their reduced BW (Paredes et al., 2012; Douglas et al., 2013) .
As a consequence of restriction in utero, the body composition of low birth weight pigs pig differs from heavier littermates (Rehfeldt and Kuhn, 2006) and they may have different postnatal nutrient requirements. Gluckman et al. (2005) suggested that animals restricted in utero may not be adapted for a nutrient rich postnatal environment, which could be detrimental. Subsequently, Nissen and Oksbjerg (2011) investigated the effect of a low protein diet on the performance of low birth weight pigs, but noted no effects on performance. In contrast, it has been shown that low birth weight pigs at weaning may benefit from a better quality starter diet (Beaulieu et al., 2012; Douglas et al., 2014) , with low birth weight pigs reaching the BW of normal birth weight pigs by 10 wk of age. It is therefore possible that low birth weight pigs may benefit from a higher nutrient specification diet rather than a diet that targets the 'average' pig (Wellock et al., 2004; Kyriazakis and Houdijk, 2007) . The aim of the experiment was to determine the performance responses of pigs with different weight for age given either a high or a normal standard AA: energy ratio in their diet. We hypothesize that low birth weight pigs would respond to feeding of the improved nutrient specification diet, higher in AA:energy, in a manner similar to normal birth weight pigs which are of similar weight for age due to experiencing a period of feed restriction post weaning.
MATERIALS AND METHODS
The experiment was conducted at Cockle Park Farm, Newcastle University and was approved by the Animal Welfare and Ethics Review Board at the University.
Experimental Design
The experiment was designed as a 3 × 2 factorial with 6 replicates. Treatments comprised 3 body weight categories (NU = normal birth weight [1.7 to 2.0 kg] fed unrestrictedly, NR = normal birth weight but fed restrictedly from d 49 to 63, and L = low birth weight [ ≤ 1.2 kg]) and 2 diet specifications (HP = high AA: energy ratio [for Lys this was 1.58% total Lys], SP = standard AA: energy ratio [for Lys this was 1.09% total Lys]) d 63 to 91 of age.
Farrowing, Lactation and Weaner Management
At the beginning of period 1 (d 0 to d 49), a total of 180 crossbred pigs (dam was Large White × Landrace cross and sire was Hylean synthetic; Hermitage Seaborough Ltd., Devon, UK) from 6 consecutive farrowing batches were selected based on birth weight. Each batch consisted of approximately 17 sows farrowing, and from these L and normal birth weight piglets were selected; piglets which did not meet the weight requirements were fostered onto non-experimental sows. Within the first 12 h after birth, pigs were teeth clipped, weighed, and ear-tagged for identification with aluminum chick wing tags. Morphometric measurements were also taken during this period including crown-rump length, snout-ears length, and abdominal and cranial circumference.
Efforts were made during the lactation period to maximize the growth of all pigs by reducing limiting factors such as competition from heavier littermates and poor milk supply. During the first 48 h, all piglets selected for trial were cross-fostered into a litter according to their birth weight (i.e., 2 sows for normal birth weight [one would later be restricted to form NR] and 1 for L); these are referred to as suckling groups. Piglets were crossfostered according to size for several reasons. First, this procedure is commonly used on farms in the UK where piglets are mixed to create more uniform litters. Second, this ensures that the teats on the sow are accessible for the size of the piglets. Third, this was done to reduce limiting factors, in this case competition from heavier littermates. An effort was made to have an equal number of piglets of each sex and from at least 3 different birth litters in each cross fostered litter. Litter size was set at 11 or 12 piglets, depending on the number available each batch. All sows used were first or second parity sows to ensure small piglets could access the teats; each sow was also checked to ensure there were sufficient functional teats to support the litter. All litters were offered supplementary Faramate milk (Volac International Ltd, Orwell, Hertfordshire, UK; Protein = 22%, oil = 14%, ash = 7.5%, fiber = 0%) ad libitum from birth to weaning (~28 d). This was provided in a metal dish and was refilled twice a day as needed; it was prepared by hand mixing milk powder with warm water. Piglets received commercial creep feed from d 10 onward; the creep feed was placed once a day on the floor of the heated creep area and was the same as the starter 1 diet offered at weaning (23% CP, 16.2 MJ/kg NE, 1.43% total lysine).
Pigs were weaned on 28 d, where they were transferred to nursery accommodation with plastic slatted floors and kept in their preweaning litters. Aluminum ear tags were removed and replaced with plastic weaner tags. The temperature in the nursery accommodation was 26°C and was reduced by 0.2°C/d to a minimum of 22°C over a period of 20 d. Each pen had a feeder with 3 spaces and a separate nipple drinker, and all pigs had ad libitum access to feed and water. Pigs were fed a 3 stage starter diet regime (Primary Diets, Ripon, North Yorkshire, UK; diet 1 = 23% CP, 16.2 MJ/kg NE, 1.43% total Lys, diet 2 = 22% CP, 15.35 MJ/kg NE, 1.33% total Lys and diet 3 = 21.7% CP, 15.06 MJ/kg NE, 1.28% total Lys) with fixed amounts per pig lasting 2 to 3 wk. Piglets were individually weighed twice a week from d 0 to d 49 and feed intake per litter was measured from d 28 to d 49.
Experimental Management
At d 49 pigs were moved to experimental accommodation, where each litter was split to form 2 treatment groups of 5 pigs each (balanced for sex and litter of origin using SAS Proc plan to randomly allocate pigs to treatments; SAS Inst. Inc., Cary, NC) for each birth weight category; any additional pigs were removed from the experiment. The accommodation consisted of partly slatted concrete floors; each pen provided 0.96 m 2 /pig and had a feeder with 5 spaces and a separate nipple drinker which was located over the concrete slats. A thermostatically controlled heating and fan ventilation system maintained the room temperature between 19 and 21°C, which was monitored daily using a max-min thermometer. Treatments did not start until d 49 onward to ensure that all pigs had recovered from any postweaning growth check.
In period 2, from d 49 to 63, the NR pigs received restricted amounts of feed (600 g/day per pig) with the remaining NU and L pigs fed ad libitum the same commercial weaner diet (A-One Feed Supplements, Thirsk, North Yorkshire, UK; 20.55% crude protein, 1.28% total Lys, 14.43 MJ/kg NE). The aim was for NR and L pigs to have the same BW by d 63. The amount of feed given to NR pigs was calculated using previous performance data (ADFI and G:F) of similar weight pigs from Cockle Park.
For period 3, from d 63 to 91, groups within litter were randomly allocated a high (1.58% total Lys) or a normal AA: energy (1.09% total Lys) grower diet for their age, offered ad libitum for 4 wk; Table 1 reports the composition of the experimental diets used.
From d 49 to d 91 pigs were individually weighed 2 times/wk, on a Monday and Thursday morning. Feed intake was determined by manually recording the total feed given for each 3 or 4 d period, and the feed refusals before the next weighing. With these measurements, ADG, ADFI, and G:F were calculated for pens. In addition to unscaled measurements, both ADG and ADFI were scaled to BW to allow for comparisons and account for the fact that pigs were of different size . Various methods were used to scale ADG and ADFI to BW (e.g., BW0.75, BW0.66), but as these had no effect on the conclusions drawn; here we report the outcomes per unit BW. The scaled ADG (SDG) was calculated as ADG/kg BW while the scaled ADFI (SFI) was ADFI/kg BW. The BW used to scale the ADG and ADFI was the weight at the start of the specific period in question, for example when calculating the SDG for d 63 to d 91, the ADG for this period was divided by the BW on d 63. Morphometric measurements taken at birth were used to calculate the relative crown rump length (crown rump length/kg) and ponderal index (BW/crown rump length3).
Statistical Analysis
All performance data was tested for normality using the Univariate procedure of SAS version 9.2 (SAS Inst. Inc.) and was normally distributed. Sex (entered as a proportion of females in each pen or litter depending on the period being examined) was included as a factor in all preliminary models but was not significant so omitted for subsequent analysis. Data was blocked by sow to account for litter effects. Treatment × sow interactions were added to all preliminary models, but were not significant so omitted from subsequent analysis. To account for differences between batches, the batch was added as a blocking factor to the model. Differences were considered significant at < 0.05 and reported as a tendency towards statistical significance at < 0.10. Data are presented as least square means. was the litter or suckling groups L or normal birth weight (NU and NR piglets; 11 to 12 piglets). For d 49 to d 91, the effect of BW category (NU, NR, and L), diet specification in period 3 (high or standard AA: energy diet) and time were analyzed using a repeated measures ANOVA using Proc Mixed. The experimental unit was the pen (5 pigs).
RESULTS

Performance in Period 1, Day 1 to 49
The effects of birth weight categories NR, NU, and L on weight, ADG, ADFI, and G:F from d 0 to d 49 are shown in Table 2 . At birth, L pigs had an average weight of 1.02 kg (SD 0.152) while NU and NR pigs were 1.87 (SD 0.103). Focusing specifically on the performance during lactation (d 1 to 28), there was no difference in the ADG of all pigs (P > 0.05). When pigs were weaned at 28 d, L still had a lower BW than pigs in the other weight categories (P < 0.001), with over 1.5 kg difference in average weaning weight when L pigs were compared with NU and NR. In the initial period following weaning (d 28 to d 49), a lower ADG of L pigs in comparison with NU and NR was seen (P < 0.001); by d 49 there was a 3 kg difference in the BW of L and normal birth weight pigs (P < 0.001). Average daily feed intake measured for the litters from d 28 to d 49 showed that L pigs ate less compared with normal birth weight pigs (P < 0.001; Table 2 ). G:F were very high over this period (~0.950); with the least mean squares for G:F for NU pigs exceeding unity due to the adjustment caused by the statistical model (Table 2) .
In contrast, SDG of L pigs exceeded that of normal birth weight until weaning, but from d 28 to 49 there was no difference between these pigs (P > 0.05; Fig. 1 ). Scaled feed intake also showed that L pigs exceeded the intake of normal birth weight pigs from d 28 to d 49, relative to their body size (P < 0.001; Fig. 2 ).
At birth, L pigs had a shorter crown rump length of 23.5 cm (SD 2.11) compared with 28.7 cm in normal birth weight pigs (SD 2.51; P < 0.001). However, L pigs had a higher crown rump length/BW, (23.4 cm/kg, SD 2.91) than normal birth weight pigs (15.4 cm/kg, SD 1.04; P < 0.001). Ponderal index data showed that L pigs had a lower ponderal index (86.5 kg/m 3 , SD 13.2) than normal birth weight pigs (102.1 kg/m3, SD 11.1; P < 0.001).
There was no difference in the BW, ADG or G:F of NU and NR pigs before starting the nutritional treatments on d 49 (P > 0.05).
Performance in Period 2, Day 49 to 63
On d 49, the BW for L pigs differed from NU and NR (P < 0.001), which did not differ from each other (P < 0.05; Table 2 .) Pigs which were fed restrictedly during this period (NR) had a lower ADFI and ADG as expected; this resulted in them weighing the same as L pigs by d 63, while NU pigs were heavier (P < 0.001).
L pigs grew at a slower rate than NU pigs (P < 0.001), although they ate more than NU pigs (for both absolute and scaled FI; P < 0.001). Figures 1 and 2 demonstrate that for both SDG and SFI, L pigs exceeded NU pigs (P < 0.001) during this period.
Performance in Period 3, Day 63 to 91
The effects of birth weight category and diet specification on the BW, ADG, ADFI and G:F of pigs are shown in Table 3 . From d 63 to 91 there was an effect of birth weight category and diet specification on the ADG of pigs (P < 0.05), but no interaction was observed (P > 0.05). NR pigs performed better than both NU and L pigs post d 63 (P < 0.001). While there was no significant difference in the ADG of L and NU pigs during this period (P > 0.05), L pigs still grew at a slower rate in comparison to their heavier counterparts. Pigs fed Diet HP had a higher ADG in comparison to pigs fed diet SP (P < 0.05).
There was no effect of birth weight category, diet composition, nor an interaction, on the absolute ADFI of pigs for d 63 to 91.
From d 63 to 91, there was a significant effect of birth weight category (P < 0.001) and diet specification (P < 0.05) on the G:F of pigs as well as a tendency for an interaction (P = 0.057). L pigs had a reduced G:F in comparison to NU and NR pigs (P < 0.05), while pigs fed diet HP were more efficient than those fed diet SP (0.629 versus 0.598). A tendency for an interaction between the main effects showed that NU and NR pigs showed an improved FCR when fed diet HP however L pigs did not (data not shown).
When taking into account the ADG relative to the BW of the pigs (SDG), L and NU pigs grew at a similar rate, while NR pigs had greater SDG in comparison (P < 0.001). In contrast, NR and L pigs had greater SFI than NU pigs from d 63 to 91 (P < 0.001).
DISCUSSION
We investigated the ability of pigs of low weight for age to exhibit compensatory gain when given access to diets which differed in AA:energy content. It has been shown that low birth weight pigs are capable of catching up with their normal birth weight counterparts (Paredes et al., 2012; Douglas et al., 2013; Pardo et al., 2013) . It was hypothesized that low birth weight pigs given access to a diet of a higher nutrient specification (diet HP), would be able to show greater ADG than those fed a standard diet targeting the 'average pig' (diet SP). This was based on the principles of Emmans (1991, 1992) who suggested that pigs previously delayed in their growth and having a different body composition than nonrestricted pigs are able to exhibit a higher degree compensatory growth when they are fed a diet greater in protein:energy ratio. Low birth weight pigs have altered body composition in relation to heavier littermates at slaughter, with a higher percentage of adipose tissue (Bee, 2004; Rehfeldt and Kuhn, 2006; Rehfeldt et al., 2008) . However, pigs with low birth weight given access to such an 'improved' diet in period 3 (L pigs) showed no improvement in performance. However, it is possible that the absence of a response to the improved (HP) diet may show that the lower nutrient specification diet met the nutritional requirements of the pigs, partly as a result of their high feed intake. Birth weight category: NU was normal birth weight pigs (1.7 to 2.0 kg) fed unrestrictedly throughout, NR was normal birth weight but fed restrictedly between d 49 to 63 pigs and L was low birth weight pigs ( ≤ 1.2 kg). SFI was calculated as the ADFI of a specific period divided by BW at the start of period. Error bars represent the pooled SEM.
In addition, we used a number of normal birth weight pigs which were restricted postweaning to have the same weight as the low birth weight pigs by d 63 (NR pigs). We thus had 2 groups of pigs delayed in their growth to d 63 albeit through different means. By the end of the experiment, NR pigs had partially caught up with unrestricted normal birth weight pigs (NU). This was consistent with previous work which demonstrated that pigs have the potential to compensate for "moderate" stunting if they are subsequently fed an adequate diet for a sufficient period of time (Lynch et al., 1998) . While NR pigs here did not increase their absolute feed intake relative to unrestricted (NU) controls, an increase in their SFI was observed. It seems that the extent of compensatory gain of the NR pigs did not depend on the composition of the diet offered post restriction. Kyriazakis and Emmans (1992) and Stamataris et al. (1991) have suggested that this will depend on the consequences of restriction on the body composition of pigs. Pigs that have been delayed in their growth, but also have a higher lipid:protein ratio in their body are expected to benefit more from a diet of a higher specification. These results indicate that normal birth weight pigs that experience a period of involuntary feed restriction (e.g., reduction in the amount of feed provided), are likely to compensate when the nonlimiting conditions are resumed, even when not fed a high specification diet, provided that the diet meets their nutritional requirements.
In contrast, the results suggest that, unlike normal birth weight pigs, low birth weight pigs cannot compensate from 9 wk of age on a higher specification diet. It was hypothesized that when given an appropriate nutritional environment, irrespective of the reasons that led to the reduced BW, pigs would be able to improve their ADG. The absence of any improvement in ADG of the low birth weight pigs could be the result of several reasons.
First, it must be considered whether these pigs are physiologically capable of improving their growth. There is a wealth of literature which focuses on the uterine environment and changes in the physiology of low birth weight pigs, as a result of reduced nutrition. In agreement with previous literature (Nissen and Oksbjerg, 2011) we found that low birth weight pigs had a significantly lower crown rump length and a higher relative crown rump length than normal birth weight pigs. When also considering the lower ponderal index associated with low birth weight pigs this indicates disproportionate body size at birth which is likely a result of restriction in utero (Poore et al., 2002) . It is commonly thought that these pigs are born with a reduced capacity for growth (Foxcroft et al., 2006) and it has been documented that there is a reduced number of muscle fibers in low birth weight pigs compared with heavier littermates (Powell and Aberle, 1980; Handel and Stickland, 1988; Dwyer et al., 1994; Rehfeldt and Kuhn, 2006) . As the number of these fibers is fixed in utero, muscles will only grow by hypertrophy, which consequently may limit growth. However, the recent analysis of large datasets showed that some low birth weight pigs are indeed capable of compensating for their reduced BW at birth (Paredes et al., 2012; Douglas et al., 2013) and may be able to meet the BW of their heavier littermates when offered a higher quality starter regime (Douglas et al., 2014) . Second, it has been suggested that the feed intake of low birth weight pigs is a limiting factor in their growth (Gondret et al., 2005) . The results presented here dispute this argument. With the exception of the immediate period following weaning (d 28 to d 49), there was no difference in the absolute ADFI of low birth weight and normal birth weight pigs. In fact the intake of low birth weight pigs exceeded that of the other pigs from d 49 to d 63, which supports the suggestion of Gondret et al. (2005) who concluded that low birth weight and high birth weight pigs had similar feed consumption during the grower and finisher stages. In addition, scaled feed intake (SFI) comparisons showed that, relative to their body size, low birth weight pigs were matching or even exceeding the intake of normal birth weight pigs throughout all periods examined. This was in agreement with the consistently higher relative feed intake by low birth weight reported by Krueger et al. (2013) . Third, the experimental method used may have prevented the light pigs from exhibiting compensatory gain. The ability of the animal to overcome its growth delay will vary between individuals and is dependent on the length of the period of the restriction and the composition of the food it receives following nutritional limitation (Kyriazakis and Houdijk, 2007) . In this experiment animals were given access to the diet with a higher ratio of AA:energy from d 63 of age. Between weaning and this age they received a diet that was based on age (average pig) rather than weight, so possibly delaying their growth even further over this period. It is possible that earlier intervention may show different outcomes (Douglas et al., 2014) .
During the preweaning period, low birth weight pigs had similar ADG to heavier piglets, contradicting a number of studies which observed light pigs exhibiting poorer growth rates in this period (Dwyer et al., 1994; Quiniou et al., 2002) . Inevitably differences in experimental method will affect the outcomes observed, given the strong influence of preweaning competition on piglet growth. For example, in this study all piglets were given access to supplementary milk as well as being grouped in litters with similar sized littermates. Competition for access to teats during suckling and consequently low milk consumption is considered a limiting factor for preweaning growth (Campbell and Dunkin, 1982) . Reducing this disadvantage of low birth weight pigs by the addition of milk is likely to enhance their growth and reduce mortality (Azain et al., 1996; Wolter et al., 2002) .
While the absolute growth rates of NU and L pigs from d 63 to d 91were not statistically different, L pigs still grew considerably slower. However when we consider these data on a per kg of BW basis (SDG), L pigs actually grew at the same rate or better than the heavier NU pigs. This suggests that low birth weight pigs can exhibit growth rates not extremely dissimilar from normal birth weight pigs given the right conditions.
It has been suggested that low birth weight pigs are less efficient than their heavier counterparts, with poorer gain to feed ratios in low birth weight pigs having been observed (Roeder and Chow, 1972; Gondret et al., 2005) . With the exception of the period following weaning (d 28 to d 49), the results presented here support these findings. When the data for both ADG and ADFI of the pigs are considered, despite the pigs eating at least the same or more than the normal birth weight pigs their gains are slightly less (although not significantly). It is therefore apparent that the appetite of low birth weight pigs is not affected (post 7 wk).
Conclusions
The results suggest that a diet higher in AA:energy ratio in the grower phase does not improve the performance of low birth weight pigs, which are less efficient than their heavier counterparts and do not exhibit compensatory gains. In comparison, normal birth weight pigs which have been previously restricted are able to benefit from a higher specification diet and meet the BW of nonrestricted normal birth weight pigs in a short period of time.
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